Summary.
Both free and cracked surfaces of the saccus vasculosus in adult rainbow trout (Salmo gairdneri) have been investigated by scanning electron microscopy (SEM). The saccus vasculosus is the rich-folded epithelium composed of highly specialized coronet cells, supporting cells, and presumable liquor-contact neurons.
The coronet cells the saccus lumen and abundant smooth endoplasmic reticulum in the cytoplasm. By the appearance of these globules, coronet cells are roughly divided into two types: botryoidal coronet cells and flower-like.
The former is supplied with grape-shaped globules, whose density is 60-80 pieces a cell. The latter contains club-or petal-shaped globules, which number 50-60 pieces a cell.
The functional significance of these globules is additionally discussed.
The free surface of the supporting cells is relatively smooth, and short microvilli lie scattered on the surface.
The cells called liquor-contact neurons (the third type) possess a head-like protrusion where long solitary cilia can be recognized.
The saccus vasculosus is a peculiar ependymal organ in chondrichthyes and osteichthyes, and its structural characteristics at cellular or subcellular levels have been studied by light and transmission electron microscopes (BOEKE, 1902; DAMMER-MANN, 1910; BARGMANN and KNOOP, 1961; KUROTAKI, 1961; WATANABE, 1966; MURA-KAMI and YOSHIDA, 1967; JANSEN and FLIGHT, 1969; GARLER and BILLENSTIEN, 1972; BENJAMIN, 1974) . The stereo-fine structures of this organ, however, have not yet been sufficiently investigated.
To my knowledge, only EMANUELSSON and MECKLENBURG (1974) have described briefly about the morphological features of the cellular surface of this organ. For the purpose of reconstructing the three-dimensional architecture of the saccus epithelium, it is desirable to observe not only the free surface but the interior of the tissue.
The present investigation deals with the SEM analysis of the free and cracked surfaces of the saccus vasculosus in the adult rainbow trout.
Materials and Methods
The experimental animals were adult rainbow trout, weighing 0.5-1kg and kept in fresh-water.
They were decapitated and the brain mass including the saccus vasculosus was immediately exposed and removed. After washing with saline solution, tissues were prefixed in a mixture of 2.5% glutaraldehyde and 2.0% formaldehyde, buffered with cacodylate (pH 7.4), for 2hrs and postfixed in 2% buffered osmium tetroxide for 2hrs. Then, specimens were dehydrated through ascending concentrations of acetone, treated with isoamyl acetate, and dried by the critical point drying method using carbon dioxide (ANDERSON, 1951) . Some specimens were embedded in Epon 812 after dehydration, and then cracked by the frozen resin cracking method (originally by TANAKA, 1972 and modified by SHIMADA and MURAKAMI, 1975) prior to critical point drying. The free and cracked surfaces of the tissue, coated with carbon and gold palladium in a vacuum evaporator or spattered with gold in Eico ion cleaner, were examined under a field emission scanning electron microscope (HFS-2).
Results and Discussion
The saccus vasculosus is a circumventricular organ protruding from the caudal infundibular wall. Figure 1 shows a low-magnified SEM image of a sagittal section of the trout brain containing the saccus vasculosus.
The epithelium of the saccus vasculosus is richly folded and differs evidently from the ependyma of the third ventricle. JANSEN and FLIGHT (1969) have concluded from their transmission electron microscopic study that the saccus epithelium of the rainbow trout is built up specialized coronet cells, glia cells and pseudocoronet cells. Also in the present SEM study, these three kinds of cells are demonstrated and identification of each cell is easy from its specific ultrastructural features. Individual cells will be described in further detail. The saccus vasculosus (SV) represents a rich-folded epithelium mor-
The coronet cells
The coronet cells are easily distinguishable, since the surface appears to be covered with numerous specialized cilia commonly called "globules" (Fig. 2) . Moreover, each globule projecting into the saccus lumen is seen more cubically in the stereoscopic pair (Fig. 3) . The individual coronet cells are various in shape (Fig. 2) . Standing on the morphological basis of the globules, the coronet cells can be roughly classified into two types.
Type I is botryoidal, while Type II is flower-like. The surface of Type I cell is covered with a number of grape-shaped globules (Fig. 4) .
of them is 60-80 pieces a cell. The number of the globules has not actually been counted under light and transmission electron microscope (TEM). The existence of numerous grape-shaped globules indicates that surface area contacting with the cerebrospinal fluid is greatly increased. Figures 5 and 6 show SEM images of the cracked surface of Type I coronet cell; and they are similar to the TEM images reported by many investigators (BARGMANN and KNOOP, 1961; KUROTAKI, 1961; MURAKAMI and YOSHIDA, 1967; JANSEN and FLIGHT, 1969; ZIMMERMAN and ALTNER, 1970 ) but may The coronet cell is characterized by its typical head (H) bearing globules (G) and abundant smooth endo-which are called "primary vesicles" in the thin sections (JANSEN and FLIGHT, 1969) .
identical with the so-called "secondary vesicles" in the thin sections (JANSEN and FLIGHT, 1969) . BARGMANN and KNOOP (1961) have stated the opinion that the vesicles or tubules in the globules must open into the saccus lumen to discharge their contents. MURAKAMI and YOSHIDA (1967) have presented ultrastructurally the figure just discharging.
From the cytochemical studies, some investigators have considered secretion of glucose into CSF (SUNDARAAJ and PRASAD, 1963; LEGAIT and LEGAIT, 1964) , and others secretion of acid mucopolysaccharide (KAMER et al., 1960; JANSEN and KAMER, 1961; KHANA and SINGH, 1967) . It will be a future subject to clarify whether these globules containing vesicles are secretory or not. Although the globular stalk parations (JANSEN and FLIGHT, 1969) , there seems to be a tunnel connecting the "head and globules" in the SEM image (Fig. 7) . Therefore, it is assumed that there might exist transportation of certain materials from the head to the globules through the globular stalk. Figure 8 shows SEM images of the free surface and of the coronet cells of Type II. They look flower-like in surface view. In addition, the cell of this type includes slender club-shaped globules in the center and petal-shaped ones in the marginal region (Fig. 8) . The number of the globules in Type II is less than that in Type I, Fig. 6 As described above, morphological differences between the Type I and Type II cells may indicate the phase shift in cell development.
Judging from the globular appearance, it seems hard to deny that the cellular activity is higher in the botryoidal coronet cells (Type I) than in the flower-like cells (Type II). The nuclei of the coronet cells are situated in the basal portion and are usually spherical or oval in shape. When cracked along the nuclear membrane, the nucleus is often shown as a round hill (Fig. 9 ). Higher magnification of its surface proves smooth endoplasmic reticulum composed of reticularly connecting tubules is present everywhere except for the zone near the basal process (Fig. 5, 6, 11 ). This smooth endoplasmic reticulum occupies more than 60% of the cell volume in the elasmobranches (HARRACH, 1970) , and it is a functionally important element specific for the coronet cells. In general, the smooth endoplasmic reticulum exists in cells synthesizing steroid hormone, actively transporting certain materials or engaging in secretion of fatty or protein substances (GOLDBLATT, 1968) . However, the real role of this reticular organelle in the coronet cells remains obscure.
The supporting cells
The free surface of the supporting cells is found at the portion deeper or lower than the coronet cells (Fig. 2, 3) , and on its surface a small number of microvilli and occasional cilia are also seen. The cracked surface reveals that the supporting cells possess a relatively small amount of cytoplasm and the cone-shaped nuclei are situated either at the apical or basal part of the epithelial cell (Fig. 5) . DORN (1965) called them "Zwischenzellen." JANSEN and FLIGHT (1969) have suggested that these cells might play something more than merely a supporting role because they show glucose-6-phosphate dehydrogenase activity and possess afferent nerves.
HARRACH (1970) has also pointed out that the metabolic level of these cells is responsible for the quantity of acid mucopolysaccharide.
In the present SEM observations, these cells do not show a specific ultrastructure and appear to surrounded the coronet cells, and hence it is likely that the essential role of these cells is to support.
The third type of cell A third type cell which has an apical head-like protrusion is sometimes observed. The protrusion bears one or two very long cilia (Fig. 10) . The globules as shown within the coronet cells are not found. Judging from the surface view, this type cell is evidently different from the coronet cells and the supporting cells, and is designated as the third cell type, which is equivalent to the cell type which has been described at the TEM level by several authors (MURAKAMI and YOSHIDA, 1967; JANSEN and FLIGHT, 1969; ZIMMERMANN and ALTNER, 1970; GALER and BILLENSTIEN, 1972) . ZIMMER-MANN and ALTNER (1970) have found in serial ultrathin sections that the cells of the third type are bipolar nerve cells and proposed the name "liquor-contact neurone" on the basis of their morphological interconnections. Interpretation of the function of the saccus vasculosus is considerably diverse; the functions proposed so far are secretory (BARGMANN and KNOOP, 1961; MARQUET et al., 1972) , sensory (KUROTAKI, 1961; HARRACH, 1970), ion-transporting (JANSEN and FLIGHT, 1969; JANSEN and WEST, 1971) and osmoregulatory (EMANUELSSON and MECKLENBURG, 1972; BENJAMIN, 1974 
